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CFO 14286 US 



ELECTRON BEAM APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

Related Background Art 

fcxy mytr~&i&fti$t&m^fr^xm^^m^m^ &M<D{&<Dtt<Dm 
^mm^v ^mfrtz-m^mft£tix\s^ 0 Mx.ii s¥Mit$fcif 0 t^ 

^ffife^^ftPP?^ LT», $iJxJ3\ M. I. Elinson, Radio Eng. Electron 
Phys., 10, 1290(1965)^, ^^5^WS&kHT^5o 

mmmm^t ^x^m&^v yy^fiass no 2 in^v^t)©©ic 

AuiKliS -h<D [G. Dittmer: "Thin SoHd Films", 9, 317(1972)] ^\ I n 2 
Os/ S n 0 2 ^11^ «£ 5 & 4) [M. Hartwell and C. G. Fonstad: "IEEE Trans. ED 
Conf.", 519(1975)] 4\ tl— iS^ffl&fc 5 [^jfcfcX : jCS, l2 6§, 
fU^\ 2 2 (1 9 8 3) ] mmteZfoX^Zo 
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M. Hartwell kt£<fc5^<^¥ffi03r^i"o I^HIl-*5V>T, Sfe3 0 0 1 IM, 
4feJSS£^J: 9 ^S3*mt»H3 0 0 4^ HWB&W&WWt^ 

^$t^Tv^§ 0 *mt4^H3oo4{a^ im<vmm7*-^^^tmtfa%m 

0. 5 — 1 [mm] , ifigW^ 0. 1 [mm] K%Xfe&tiX^£ 0 0^(7)^ 
m^mtP3 0 0 5 f»m'f4^Il3 0 0 4©HW©it^lfc 

X, #">Jx.f«|gffiJmA{-J:S#IIBg6 4-3 1 3 3 2^iim^T$n5 

mm?* ¥<Dmmzf$mw* > , mm^-^mm(om^mmm^w^nx^^ 0 

0 6 6, 8 8 3 ^#fW 2-257551 -^fft^ll ¥ 4 - 2 8 1 3 7 ^ 
^ rt^^^fefet^^co— gp^9^CV^T^LTV^5 0 0^ 3 11 

srayr^'v— k 3ii6tt«i, 3 i i 7^7^— yr 

^Wh3 115, 1RIJH3 1 1 6*3 £X$7=l— ^^V— h 3 1 1 7i^ii9, 
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VTzfU~-h3 1 1 5imKtK3 1 1 l^@^^tbTV^^\-(7)^3 111 
Hfrf5NXMi@(7)^|5t®^^3 1 1 2tt, 0 3 1 Id;^- i: *5 9 s VDfccofT^ 

fn]S£^3 113 tN$i(D$wm?M3 1 1 4^j;^@a^$^Tv^^, 0 ^.nhmR 

3 111, ftrnfe^ 3 112, ?T^falflH3 1 1 3*5J:WJ^fR]@a^3 114 

i; o Tt^ ^ ti^^^^f if t - i uf ^ 0 1tf~ s ff^[^ia^3 l l 

3 tmjj\m&&3 1 1 4^/>/fe< £ h&^irz&ftia^ mmm^mmmefm 
y^—^u-h3 i i 7©Tffi(-^ m^f^^^5^ii3 i i smm 

$tLT*5«9, ^ (R) s It (G) , if (B) ©3^©f)tf (^0^) 
^Mtibtvrv^o £fc,tbfc$l3 l l 8 &&1r±^& , §ky£i£<Dm\z.uw i &fc 

07^) ^i^Tfet), $^-^113 1 1 8©!)7yi^f3 1 1 5m<Dffi\a^ 

Dxl~DxM *d ^U^Dyl—DyN fcit^Hv^ t^fm^^M 

xl~DxM n^JV^n^^— A^C5fT^lRlBa^3 113h Dyl~DyN fi^/l" 
flftf- AM^'J^[R]Sa^3 114^, HvlJ^^^ 3119^^1 

^7t, ±ffi^^(Z)^]^ttl. 3X10- 3 [Pa] (10^ [Torr])| 

ft^S^ftgB £ ^<7>$U±^ 5 UT -7° b 3 1 1 5$o£Z$7^—7,^U— 

hsu 7<Dmzh^^mm&pj^&^WL^&W:btez> 0 v r^w- f 3 1 
1 5&£xi7^-*y°u-h3 1 1 6%m<-rz>ztfc£?)jjmte, mm^m 

^-f§o r«:*tu n 3 1 icjswa^ &mmm^^7xfofrb%v>*w± 
*Xx.z>tiib(Dffim3cmfc (x^-v&zw-zyykmxtiz) 3 1 20m 

btiX^Z> 0 ^<7)J;9i-bt, ^/^¥—J*Mf?M&&f&£fr>fcmfa3 lilt 
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•mm%3 1 1 s mm^tht^^—^u~V3 i 1 enm^s^:/^ y 

Dyl~DyN £ri§ CT^Pt»^- 3 1 1 2 KW^^^WT^ £ , 

3 11 2^bmW#cm£tL5 0 ^^[WlPf}-^^/^^^ 3 1 1 9{^£^« 

^-Hv^iicrmH [v] ~m [kv] ^^^Wdlt, tmmisftfzMrf- 

iifS^^/H^^»$Hfc^-<"f-3 1 2 Ott, -7^ 

^7°wh3 1 1 7Hr/v-h3 1 1 5 mz.mn £ih%mmj±^mz.&f£ 
mi\^ 1 2o^ff^p#»^-3 1 1 2a>b#cffi£;frfcm^<£> 

— §P^ s ^^— f-3 1 2 OlH^fcS^fcJ:^ I)5^tt7x^l^f3 1 1 
7^plJigL^#tLfcm^-<7}— f-3 1 2 Ol-^fdSr ^£"9 
O^tB^r 9, ^3 1 2 0©^m^3[^-1~:f^;ft^fe5o r^T? 

{^tUSA^W^nB^tt, 1^3 l 2 ooftgi-IE^S^s^CS^^S 

^A/if-CfeofCo 1^3 1 2 0(7)^®^ <£ 19, ?£P«ii^-3 1 1 2 3>b 

H2^ 7^t»^3 1 1 2frbimiZftfzmttMmtz>tz.m^ ^f-m 

|^*i-Sfi^5^^tT,TV^5 (#$!Bg5 7- 1 1 8 3 5 5^#, 6 1 - 

124031 o ^^xmmm^^~^(Dmm^wj5±mb ltsj 
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SUMMARY OF THE INVENTION 

4oo~5o ox:nm^x^m^Mm\^x^ ]) y v^sj^mMX^o 
^ £ 9 ^ ^ — * -7" h ^ y r h \z.%$ isxmm^wm u ^ 

& £ c 5 & 5 £ v ^ 0 mm t h 5 o 
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m z tif^m^mM z ^ m 2 (dmk t , 
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2 (Dmmt^mxmm^—^m^^ t % \m^-r^timm^^m^ 
mw^x^—t^^ ltv^ (dx\ m^-M&m^mmi^m vx^mm<D 

Z>b% \a±m^J)m&mir& a 

t-, mmmi(Dmmtmmm2(Dmmt(DMm^tmm^m^^^^ 
Mm^ttm-m^fcm2<Dmbdmmm^ftt^z>£? \^ mmxmmt 
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r^mmm 1 <Dmmtmm 2 ©lit ©F^ra^r^ vxmmmm^ri 
&^t%wmtir%m^mmw%wmir&^(DXfo% 0 
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mtm^m^ \mmm 1 ^mm t ^mnm £ ttfc mmm^nmm^ hit 
mmM^m^m^umnrnk \^xmmm 1 ©s^^tuis^ 2 ©mc©^ 

T^^-^^Sfe-hi-f^g £ *k fulfil! 1 £ tufS^ 2 ©It £ -Cifflg, * 

tcnw-mm 1 £ huie^ 2 t <z)^<z>™i»^ uT^^^sti 

fc, fulfill 1 fulfil 2 (^^-fRl^lRj ^SE^lRJi^^lRl^W 

Mtm^mm^mmmi (ommtMrnm^nrz, mmm^-mmmj-^hm 

~rtifr-jj(Dmm±.i^mts^ mmmi(Dmmtmmm2(Dmmtxm.m, * 
fc^MfE^ 1 (omm t mm 2 <z«£i: (Drnwrnrntzfr i^xmmmm^n 
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nsmz ri*< Mffcrz ^ t ^§ 5 o-c, \mm%tMmm%t(Dmmu(D 

BRIEF DESCRIPTION OF THE DRAWINGS 

02^ m 1 ^-r^/^/w 2 - 2,mwfi^i»ffi0^&5 o 

So 
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0 s ft mi i^irmmmm^^-^^mmu^-mm^mmm^-h 

So 
So 

013 u^mm(om4(Dmm^m^^^^-^^^^^^^ 
in 1 4 ft y ^ i (om t x^—y-nm 2<Dmt &mT-e% < x^—v- 

0 1 6 AW® 1 6B ft HI 1 5 fc^i-*-^— «4jlH1<^^^^^ 

01 8 ft 01 7iC7^-t^^<—^(Dm^^M(D—m(D^V— h-CfeSo 

0 2 o ft in i 9 k'— ^$c<z> 20-20 ^-eoti^iffffiia 

02 1 fe^mMmm^wm^<*Mm^^hfo&7^~^^-y^ 
0 2 2 ft w *iW£&7F'**Mz.ffi \^h^-7^-^^—y^ 
023 \^^mmimm^m^^<^Mz.m^hMy^—^^— 
0 2 4 a 2 4 b ft tom^s?^^®^^*^ (om^^-Mm 

0 2 5 A, 02 5 B. 02 5 C, 0 2 5 DM 2 5 E ft ® 2 4 A&TJ* 
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m 2 4B\zj^mm^mmm^mm^(DimTM^umir^mmm-vh^ 0 

028ft, ft l ^wmm i-m^m^w-mmx-h % 0 

I2 9BJ28 \z7^ir\^h^mn(Dm^w^^^m^<^v(D-^\(Dm 

hi 3 oft, ^<Dmm^m^mmm^&m^(D¥-mmxh% 0 
@3i ft,^ffi{^#MmT-^m^&fflv>^^oiifit*^K<z)^^^^^ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

m i (Dmtmn) 

ft, yr^v-M 015, uiioi 6^t>v^-^7°i/-M oni: 

1 0 2 0^f£«£tyTV^ o £*3, ^Hft^H^fe^, mm<D^^<—^(D^ 

y T:7° W- Yl 0 1 5 _b{:ft, ^^^sa^j^nfcMx Nj@o^®m 

T-l 0 1 2 ^tl/cStO 0 1 1 flSg^ftTV^o -i^b^iWi 0 

1 2 ft, VD^Ofi^fR] (X^Ib]) Ifiill 3 ^ N^CCD^IrJ (Y^ffa) gfi^l 0 1 

:7^~ h 10 1 7 (DV Ty° \s— Y 1 0 1 5jM^S^ft^ ^fcill 0 1 
8&W*/W^^ 10 1 9^5^^tLTV^o ^TfeSIl 0 18ft, *7-t^ 
SfiJ^O^^/^m^ft, ^ ft, W(0 3j^fec7)^^^(Z)/^^ — 1/ 
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(D^mm^mmMt x^xm^h^o tz^yt 101911 ±t lt, 
! o 2 0 n ®2 j^-tj; 5 1-, m^©iMtt4S{^2 1 (vmmm 
019) Rxfmwii 0 1 1 <z>^es (fi^ftsani 0 1 3) Mu^iE2 3 \z. 
T^^/w^y^ 1 0 1 g^mT^smi 0 1 3 twM.mz.m$t£*ix^z> 0 t.ti, 

HUiC^I^?^ ^-fl 0 20il fx^lRj (X^IrJ) £¥tTi-BEg£*K 

ision (D^mmm^-i 0 1 2^^^^^^ ^-^v- m 0 1 
7<dmi 0 1 s^is^b^^ti^^^is^ (m«^mis^) <^ 

WiiiiiHt^ps'^ 1 0 2 l^ia^^tiTfc^, ^-f-i 0 2 0tt 

1 0 2 l^^tlTgiLTV^o 7^fl 0 2 0ft 

s^xsid^nts^ffl^^^tt, ^-^u- m 0 1 7 £ y 

M 0 1 5 ^(DffjdE^^ioTfe6^(7)^T^^tL50-e, ^^102 

fot, ^H^Sr^i-S^TO^O^^— 1M 0 2 0(DWfti&P5±T% 
fr#>\a^v 5/^1021 lil^l Oil }z:@S-r5(7)^^ LV^s, ^VfflliSr 
^i-S^T-rs^^^^^^-f-i 0 2 o<z>&gTfr££C£^&v^ t 
^T^Hfl ^10 2 1 «^TLt>^l 0 1 1 l-@^L^< X-b «tV\ 

f-£l 0 2 OSrS^-T^l^ 1S10 1 l-e«^<7^-^7°^ 
— M 0 1 7|iJi«LTfej:V\ 

r.^T\ ^-iM 0 2 0 (Dm^(Om^o^X , HI 3, HI 4 A &t>*|g|4B 

^#^LTt^p^i~5o m 3 h m 1 \CTFir^~^(Dmfe^i%<vmmxh y , 
e 4 a stflg 4B h hi 1 \z.^ir^-^(Dmfeum%<DmmmRW^mx& 

So 

0 3, @4A^@4B }Z.7f?t£5\^ 0 2 OH MSi-fe^T, 
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j&i 0 1 aw^-^ 1 0 1 9 mm^^mm^i 023 ^^ot^ 

5o ^,^1021 ^<ZMI.»^ *^-lM 0 2 0<7)S^fR]ffi§P 

^A^Sf^lO 2 20)mj&£tlX&9, -fxiyV 1 0 2 1«1 0 1 1 
^]§AE$^<5liiJ^ ^-1M 0 2 O^O^^fRl^^gPl 0 2 2H#A 

^t/o^ i o 2 i ^#£te@££tvo^o /P^1021© 
El 1 t^l-;*^^!^^ 

( 1 ) x^—v 1020 §r^p ^1021 t^s^-r^o 

ff^i-5fi^#M^i^^^^-^i 0 2 O^^-^W-M o 
1 7Wyr^°WM 0 1 5 5^LT^fe^±feL^V^5i-+^f£B#^ 
^tRxfftm&t>it&>&^~e$>z>o ^^1021 tf*;*^— 1*" 1 0 2 0 £ 

S«i o i i±i^*L^iiiit LT#^«^i-§fc^^f^ 

flO 2 0©M^^tl 0 2 0O»§P^@^$^6 2o©/o^ 1 

5^ m-^m±.(vmmm 1 o 3 1 sr^rrs^srfflv\ :©^®»n 0 

3 1 Jtt^n 5/^1021 ^^-f- 1 0 20 ^itSbfc^fiT^n ^10 
2it f- 1 0 2 0 ^ £g!#@5rr*tf^ 5 - £ ^>o 

( 2 ) 1020 1011 ±{d^:e^:fc-r 5o 

(^!») ^wrfrSo 0 2 0m/n ^1021 

^@^§^Tv>5<z)-t\ ^-<— f-i o 2 0ii/Piy^ 102 iT^#£tvriiz: 

u^^^m-So r^ittt^-t io 2 0ttwi o i i±\z.m 

1 0 2 O^gT^^C^&^r t^^ns'^ 10 2 1 0 
mz-ky-^vy? 10 2 1 <grS«l 0 1 1 i^LT^i:V\ 
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M 0 1 7RX*])T-7U— M 0 1 5 ttWZ.+fr$LM&t> : ± 
^TV\ M 0 1 7, 111 0 1 6MD7^^ M O 1 5(7) 

^—f-i 0 2 0 ©iT^ffi^^ti^^ ^/^<-7^ 101 9XU«Sfei oil 
t^FU 1M 0 2 0/$M^/l^>^ 10 19 hMRl Oil k(Dffl]±jj 

(4) ^ffl^*^^rmihSrfT5o 

<@^$tt5o ^tt, mmmvMim, mL<mm-tz>^mmi 0 1 i^# 

0 ±^0 T o TV (HH^mS 9 4«/z m~tm n mU 

3SLTjfi/^tvO^) left, M017H T7°w M 0 1 5 

t^^CO^ld, If 1 0 2 0 fiffi^^S^SV^^^^ai— f 

1 0 1 7}C|fJ±£tk ^(D?fm^iE$tL5o S9^IE^tu^V^B-C 

^-f-1 0 2 0^jtf5i, f-1 0 2 0©@^S^^S(J^!!) 

T?ft<U rtiWLlf|2 2©^/W^7^ 10 1 9OT^Ml 0 13 ^(75^^ 

x^—D-i 0 2 o<z>^©^iEi;i#v\ tM 0 2 0 <z>ffiCS)5K:@5£&;fr 

TV^6^n 5/^1021 tiMibi: 9 (06 {^Lfd^Tl^y h 

10 1 5^#^±^5 5 iri~5) o -<7>l^ -fvy? 10 2 l(£>Sj£te:;*^— 
tl 0 20©,|Jj;!) ^®V^(7)-e\ 7P^102 1 ©feS^^^Sfjp^^ 
*U ItJUlft^ 1 0 2 0 <DW$&mi£ too, t^/^;H:^St5 r 

— ^ /n^l021 <D^(^ff^ffl^x.5^*-C^-<— 10 2 0 
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<£ 5 fc^-f- 1 0 2 0 (Z)MM^#^B^ 1 0 2 3^ ( £oT*3^ 

1 0 2 0ftJ»l 0 2 3^^ { ^ 1 ^^^hb-<T«^L^V^|f^tt^oTV^6o 
^oT, 7P^1021 (Z)Mi^f^f5ffl^^^e^*^^^^ 10 2 0 

&&ox^zw&x^ ^m^i 0 2 sn^om^mwmm^^^mm 

^csjS^s^ttgB 1023 -e^fc^tK r ti\z. x v ^-f- 1020 mm 

^rO^^s ^-^1 0 2 0 0^^351 0 2 3fMi*tS 0 
-^1021 :/n ^10 

2 1^ N ^t»f^l 0 12 (E11#J&) ©#t4^^*^-l 0 1 2^^W 
^tb^m^^3l{^S^x.§^^^v> 0 ^»T-1 0 1 2<D& 
^fcfc^n ^ 1 0 2 1 ^ItS^^^I^S-^ W> M%m 

^(D^^ft^iftS^twiiff^t^^WL, ;d*o N oil, y^—^ 

\y— M 0 1 7^^^— iM 0 2 0 tf^Bi»(7)ifiV^$^3(Sf^fflV^§r 
7d^1021 ^^-f" 1 0 2 Ot^ft^Sfi. v ? 1 

o 2 i %mmi o 1 1 ^g^ri-54&^t^v^sg^ji;:-ov^ i fe, ±m<Dmim 

^^3^t«mtM:WU IS10 11, 7x^7°^ M 0 1 7 

&t*^— tf-i 0 2 0 ^»»(Z)i£V^^fflV^^^^?*bV\ 
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^ ^—y-l o 2 0£rg£&^5r /D^1021lWL 

^«fcV\ 7"1 0 2 0©^©S|5£lj'l^n ^1021 ^H^TS^ 

tt, iP&f&U 1 0 2 3 «7n -/^1021 ^@^$H^fllJ(Z)rafdlj'{-l5^tL^ 
£\\ fzfdU ^fl 0 20^K«4», ^fi 0 2 0O^ 
«&&&«fc9:Etf|}-fT5fc»l-tt> 0 2 0©»}^ns'^ 1 0 2 

1 LV\, 
l£fc, &mti&&B-m. f - 1 0 2011 *fo7P -7^10 21 X^W 

-rs^iI^L^s, m7^i-j;5^, ^^f§Pl 0 7 2^t°y^^$ 
tLfcS^^^t 3 £r/BV\ 1 oo^n ^1071 Titf^^^- f" 

l o 2 0^Ut)J:v\ rii^J:^ f-i o 20M1 on±t 

n,^107 1fc ^-fl 0 2 0©-»iStt@^LTfe<tV^U ffi 
$ ^W^-Ctt^^— ^1 0 2 O^ggftfegpi 0 2 3 £rir-^^ 

LtcMfc^xmfflLtzLiiK ^mmi o 2 3«, t^/w-^^ 1 0 1 

lion ^IIL/^«tfetilir^«l«^5^T1i/^\ 

#'jx.«\ HI 8 ICTFt^—V- 1 0 2 0' te\ I«£lMg£ffii<Z)^£ 9 
U ^CO^^N^^l 0 2 3' tLTl^o i©i?^"tl 0 2 0H 

^-f-i 020" ms^^^rw c^l^^s) u ^my^^mm 

fP1 0 2 3" £LTV^ 0 rtL^i;^ 0 2 0" ©S!9^iE$tl5 

mZ-jhU^^Z/^y? 10 1 9fe5V^fS^l 0 1 1 fc^fcoTfc, ftgPfctR 
^a^tLTV^OT?;^— 1M 020" «^;Ui-< <^5o f-i 020" 
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4 B, IE! 8X1/0 9 M^Lfc J: 5 ^ y T^w- MWO^^-^:^-- MfJ^ 

hi lit m i o id^-r ^^^©jiijffiii^feSo 

mM&MZ-^StZtlfczfu j/^l^ltif) ^ 112 0 ^j#LT{£g$: 

2 0tt/n 7M121 i®W£r*g§Bl 1 2 2{^Ab^f£ltTfe 

1~&;b*>> g^/^;W^4TIg^*3V^T^ tf, ^n-/^ l 1 2 l^r 
111 i i l^S^U &we % l 2oay&&y*vy? 1121© 

iggpi 1 2 2t^Ai~So 1 2 0^'n^l 121i» 

&MMJ&BX*yi, ^ 112 0 5/^1121 iilfcj- UTS^^^TV^ 

-<-^l 1 2 0«1 1 1 ll^x^/W Mil 7(^LT|@^i- 
J; 9 B&ihi-S r. £ 3S-e£ 5 D 
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^mmmx\^ ^^1121 ftr^ y^«^t^tf^^T«^$^ 

§0 ^-f- 1120ft, -^^fcftPJS^^V ^1121 ©?#fm 1 2 
2^#A£tK ^^->^^^JT^T3^^ 1121 tm^^o TV V/V 

7fr<Dmm^tf* i/%k(ommm, ^-f-i 1 2o^sf$^«Ts#^s 

TH#ivl£C5, j/^1121 f- 112 0 ^ffiMfcBfo^ftfl^t 

iq ^-f- 1120 ^aSrE&ifc-TS - 1 5 0 *7t, ^ffl^MB^PS 

rrm ^mtem&^mw^^-^i 1 2 0 ^» 

&±Xmz£i£Z)&ti^ /n«^1121 112 0 (75^ 

fefegBM^ffc^iirS - ^ 1120 <Df$mi5lt%Jm&£ Y) fRj±"T 

*liW*g^ f 1 3 J; 5 i^^-f 1 1 7 0(7? 
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o 1171 k<D&mm&%:ffl£i~%^£fc£<>x, w^^/wm^- 
170^n^ll71 ^^®^i^^-rs^^wn 

-T^-bs 0 1 2 fc&VvCx 1 1 7 1 ^n^H71 c7)S« 1 

i 6 i ^ilffi^fTi^5»ii©lii i 8 i ^l^-TS-^ 

com^i^ y^-^V— Ml67H7A-fi^ ^-f- 11701: 

p B l^A,-eia^r^^\ H©ttii8i^2©liii82 t^mm 

fcSpfrKl&S «t 5 1M 17 0 -/^1171 £#5@^£*l/TV^ 0 

•^OftH N 1 1 7 K^i^^^^iM l 7 O^rij^J;^ %{fiV^^ ^ 

n^ii 7i«i i 6 i-m&< ^-^w-m i e 7\%mm^ 
x-b^^t^mmKv mtmm tmmx&Zo 

±m<7)m l <o% l 1181^2 cotft 118 2^ fls^RiftfcWl-ft 5 «fc 
5^-<-iM 170^n^ll71 £3r@5&r5#&£ LTtt, #Rfcm 

(Dm^Mm-^mm-r^mxh^o *i\ to£2 o o 1 ©ii^p ^ i 

1 7 1 ^S^, ^-1^ 1 1 7 0©W7P ^1171 CDffifP (T^m^) 
S^TS J: 5 f^^— ^ 117 0 ^S-TSo * Lt, *<<~-D- 117 0 cz>£» 

7^fii70ffl^2 0 0 il:jfUm rtu^i;^ H©i 
1181 2 ^$4 1182 ir^xpfT^So - <Z> «£rf*^^ ^ 
l l 7 l i x^—D- mot Srjg^^#^J-C@^rSo ±iaco J; 5 

^J;^;*^— f-l 170^7^^^1171 ^0^3- ^£9, ^ 
7F^/W|fl^5£TB#^, iM 170t7P^H71 £<£>|g£gBi£3g 

— ^\ 01 4 i^l" <fc 5 H<7)ttll8lif2©«ill82 ttf^KftJ 
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Z>t, ^-f-l 17 0tt, ^^/Vla^TBt^n^^ 117 1 £<Z>@£: 

mm 1031 io2o^n^io2ii: ^ig^-^Lria^ 

i§£-im, 0 2 oWp 5/^1021 ^©la^^fw^^— f- 1 

021 ^^r@^i-^«i:v\ 
^W^H^ ±^Lfc:Bl~^3^M^^MWtg^^cOTfe9, ^ 

mitt, mmmiy^-^^-ytopMfMmom^^-T^^s *-<>-u-<£> 

tM 2 2 0(D±T»^^$^fS}g^l 2 2 5 
g| 1 2 2 5<Z)^l¥J|tS^K*»^S:lRj±^^5-^^^So rc7)^fci^ ^ 
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MM^ifc^ mmmm 2 2 2hz^mmmi 2 2 2&xmm 

(^-iH^ttkftSm®) 1 2 2 5^HS££:h, ^-fl 2 2 0ma 
^i-^m^!±l^i:^^"^l 220 i: d ti"5o d^hi «9 t>*# 

v^fi, wte, (dx (d/h) ) «z>*Ej5flS«T-CS>S^fc* s »*l-^o 

01 6 A, 01 6B £#J&LT, *^-lM 2 2 0 6Q JiT«i-«^ 
IHl 2 2 5^r^i-6^i3loV^Tlft^-rSo 

Tt5§BR2 1 0 1 a?:ft5^1^^^^ 2 1 0 1 £rfflirr 5 D 

(D*?/l^rX? 2 10 lcOPP 2 10 1 a^-^— 1M 2 2 0»$ 
^2 10 3±^tt5o |io^;w^2l0lJ:^ti 2 

20^ tem$m zm^&GirZa 

(H2) Hi 6B ?f^i-^l«^i 225 (S 

1 5#HfO ©»^«P2 1 0 2a^t5l2©/^/W7^ 2 1 0 
Tl^fi-rSo ^<D£#, 2 10 1 ^^260^^/W^^ 2 1 

mi(D*?A^?*? 2 10 1 t^2(Z)7«^/W^^ 2 10 2i©», iHx. 

»\ ^/w^^ 2101, 2102 %mmmxm&tz> tt~h\^ w-m-s 
2103 ^K^mmm^mfc-rz n ^ §o 

i/jr\c£ymmmi 220 ^jn-r s 0 

5 ^fSWCill 2 2 0 §r^-r^^-f- 1 2 2 0 ^^tbSo 
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*mmmvft.m&£foi 3 2 1 ©±T^^«min 3 2 5 u 

$ b\^, VmtnMl 3 2 5 Sr^bf-|»t4Sf*l 3 2 1 tf>£#£ifi&J&tn$l 1 3 
2 2TftIt5r^\ 3 2 O^Sj££tVTV^ 0 mmMl 3 2 5 

^^ffi^n 3 2 2tnm-7tm^Ay^^ mm<Di/~mmmnzt- 

fc^5«§^S:lrt5o f«^)Hl 3 2 5SrC rfir?*j£Ufci§£\ 

3 2 2ttC r -A 1 H^M^tb^o ^Oj; ? M^Iill 3 2 5 
£i«Jgi«l 3 2 2 i:^-7c^Sr^T?v^ri:^j;9. 3 2 5 ^ 

iss^^iKi 322 t^mmu^^^m^^m^t^ m^m^mi- 

«irtMi 325 tmmmi 3 2 2 ^iw^^i^m^i-s ^ 
ticxvMmtmi 3 2 5&u^Mtl1ii 3 2 2%m.mmmxmm-&m&. 

325 ^ist/agi 3 2 2 t^mnrnm^xmrn-r^^ 
■fc-r, i^n^g(Z)^^^^^i^iM»Kf$i 3 2 1 tt-y y hfcb, \mm 

(7fs'7 , 10 2) , CrSv^s^-TS (^^10 3) 0 
«t 9*&^feS#l 321IICr 3>ibfc5^£tnJ£l 3 2 5 tfSj&JH^So «^ 

mi 3 2 5&i$misfrfrib, immmmm^^y-^wm^n^m^ 

bft^mfcimZlt (^7^10 4) , ^:©f. Cr-Al^^m 
(^^5/^1 0 5) 0 ^KXV, i&mtmi 3 2 5^jH^tL^$M»Sf*l 
3 2 1©^ C r -A 1 3 2 2&$M£tlZ> 0 iSiJ&tftfK 

1 3 2 2*5^$*^^ ^^^-Sr^CIB^b (^T^l 0 6) % 
Hi 3 2 5&tfi«JStWl 3 2 2«^fc^fl 3 20^^ 

J^±0 £y\^ VXimmU 1 3 2 5 ^^ffiS^fll 1 3 2 2 =£rB»r 5 ^ £ T\ 
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5 RXlmmm 1 3 2 2 Ir^LTMtS - t &X% & 0 ^frU^ £ «9 , 

f-i 3 2 0©^©^/^ ~fy Y^m\^±^^^-t^X%^tt-hi^ f£ 

warn 325 tmmmni 3 2 2 t^^CT^^yi^^^c^^^ih 

tSrtmSo rftfc^oT^ 3 2 5 timfgfeiMl 3 2 2 b<D 

&*5, 01 7 ^ Lfc^jmjMjCli 1 3 2 5^|oti|jgffil 3 2 2^ 

6 htm^ hf-i)K m i (Dmm&m t mmK, mmmm^mm^m t 
tzM, imm^mwt&m^ $>*MM : &Mnmm^jmx&& 0 

m^<^com$i t mmm) 

m 1 Lfc J: 5 fl«£fcS\ y T7° w M o 1 5 , ftiJIg 

1 0 1 6&t^7^—;*7 0 w-M o 1 7iC«fc9^$tuTV^§ 0 r<E>^^gg£r 

^%^m^^wm^x\ 400-500 mx 1 o #£t±j^&-r 5 r t \z 
xym&irzzk&x*%% 0 t.tz., fm&$&<Dfom*i. 3xio^p a ] (1 

0-HTo r r] ) W^(DMm^W^th^(DX\ ^JBESc iS^W^W 
0 2 0m£l7htlX^^& o 

cvm^wi^mmxmmir zteL^mmm (sir, teLzmmwm+ummk 



24 



t~tz> 0 

yr/w M o i 5^±ffiic^ m«Sfe~e$>3S«i on 
tv^o o i iAi\^m%mum^i o i 2^nxmhi^mj^^#c5- 

t L^^B{C*3V^Tfi, N=3 0 0 0, M= 1 0 0 0 £Lh<Z)$^rI&^-5 £ 

1 3iN^^j^sa^i o 1 4^£9^M^y ^ssii^tLTi^o - — 
tsi^tibisi o i i^ski o i i±\z.Mf$ztitz.%immm i Fi 012, 

^B§§U 0 13,101 4fc£^xm&£tlZUft%^A^WrF¥~-J*mkW&o 

01 9\z.7Fir(D\^ mi(om^<^M^^r^/^'mT-^—^M(D^-mmx 
fo&o siion i^m, 1 0 1 2 £ l-c, ft^-rsui 2 4 ARZP 

m 2 4 b -t^-r <£> £ iw]ti^^ffiis^^tt}^^^5i2?ij tsti, ~tib (vm^-mi- 

Jjm?M 1013 bWifaWtifc 1 0 1 4 \z. X 19 h y ^ ;**£fcgagfi£;?v^ 

6 0 ^^tT^sami 0 1 3 k&wmmi 0 1 KDtmtz&ftcDWB. 

mi 9(5920-2 0^^ofcifffi^l2] 2 0 \Z.?M~ 0 &jb\ -Oj; 5 ftffl&(D 

^/^m^—J^m^ WSI£i o i i±t-tT^SBai 013, ^ftlfllH 

1014, is»Wfte {^mm , mmu^mimm^m^-nm 1 o o 
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2, 1003 tmm\mmi o o a wmu^k. ^mm\ o 1 3&ow 
«m o H^Lt^iii 002, io o simm^xmn?*-^ 
^rmm am) tmnmrnmrn mm ^n^^-t\-xvm^r-o 
^y^^^r^mRx^mmmmmmK^ y> , mimmmi o o 4 

i o i l^+^^sr^rrsto-cfes^m, ^^yr/v-hi 

-^^^w- fionn o i i t^tsiSi^ 

w.(D^ hy^^tDmiazm&mmw-i o i oawrfcSo ^n&«mf*i o 

fc«>, S^^J;5^«^^-^T^^I®ih^Sfcfe^^fe6o 

i$i o loim n^^r^^^b-cfflv^, ±&(Dm\z.mtzh<o'?*>*< 

^/w^ 1 0 1 9SrS*ttTfc5 0 rw^/w^ 1 0 1 9&tatffcBtt«\ 

m«u o 1 8dmr-%w-m%mmfcMhxmmm&fa±^%~^^^ 
ft©iii Lt^^^fc^ fc«ii o i s ^m^m^mmmt b 
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(ad ^M^mM-r^m^^oM^f-o miois 
\ci&m±m^ytmm^m^f^m^\^ *?A"<y9 1 o 1 9^v^v\ 

y^-^-f^-vm%\ o i 7^^sn o i 8t<Dm^ m 

T-^A^(Z)ff^^iaai 013h «I$^Dyl~DyN tt^ft^t^ 
^M^'J^Ifl^l 014i, tfcliffji^Hvli7i^WH 0 1 7<7> 
t^/w^^ 10 19 tl^tiiLtl^o 

^[l^#^WtK^V7r^^^L, M^^rt^l- 3X10-4 [Pa] 
(1 o-'[To r r] ) Saf0^*^t5o #MIT£M:-f^\ 

% ^ -r s * * -m** t - * t> u < ^ ^ *nf& us* LT 

^U^Bl^fe^, r^iy^-^M^l-^^^^rtfil. 3X10 
-2-1. 3X10-4 [Pa] (lX10^1Xl0-'[Torr])^)S*i 

HI 2 £:#i$Loo;*XL— f- 1 o 2 0 \tt\,^XMWTZ>o 

! o 2 0 ttlMttt*^ 2 1 <Z)|gffi^«5lt £ g 6<J b \^tzM&m 1 
0 2 ^07i- M 0 1 7<£>f*Kl!l (^/W^^ 10 19 

^) mmfoi o 1 1 <z)^ffi m^mmi o 1 3*fctmfr[R]@a&i oh) 

i^® bfc^® 2 3 &t^g8® 2 3 5fl!M§B 2 4 ^tt^IJI 2 5 

g^^zc-^W- M 0 1 7tD^!#J^t>^l 0 1 KDmm^^Mo 
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M 0 1 7<Z)rt#J (;*^/W*s>^ 1 0 1 9f) &t*&& 1 0 

i lomm mummi o 1 3^^^j^mi o 1 4) ^rn^^s^^ 

*s<—9- 1 0 2 0^ LTIJ, 10 11 ±<DftJjftfflB 1 0 1 3 *3«fcTJ^iJ^r 
[*J@2#&1 0 14 t7i- JX^W- M 0 1 7(^1®©^ ^/W^^ 10 19 i:(Z)F^ 
^M$tl§rftSJE»X.5^:lt©|M»?r#U, fi^X^—y- 1 0 2 0 <D^g 

x^—y- 1020 (DmWviWk2 2 tm. Mmmn<Dy^— ^y°u— m o l 7 

10 1 9#) }JlM$^5MtEV a tK±It*fe5iljg 

m%2 2<Dmffim.Rs-emhtimMi>m£tiz>o ^^x\ x^—f-i o 2 o<z>jg 

ih(Z)ii^^^ffi(Di/-hg^it{±i o" iq/w] sxT-vh&ztmm^\ 
+^^g5it^^#5fcfe^tti 013 [D/n] j^t^u\ 

ft. r^®^<J9TPgfi^^—iM 0 2 0©3#^^^^— 1M 0 2 O^l-RlJP 
ffilMS^ 2 1 ±{-^ ^tL^^mi^lhll^Jlf t te, 1 0 n m~ 1 n m<Z)f£ 

ia^M^Lv\ ^(Dmm&Vf-z 1 (oun^mm^^—axximmi o 1 1 

<^^t£^»U 0 1 1 ©^ii«fcoTt>^5^, —J&tfjfcl 0 nm*$j<7) 
t£o ^mP^lhli^fllJ?^ 5 0 ~ 5 0 0 n mtfe §ri LV \ ^ffifg 
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m&±B<Dtki&&Lpfcl 0 [Q • cm] ~1 [ Q . cm ] ^5^LV\ 
[Q • cm] ^i~5^5^v\ 

^^ih 1020 te_hx£Lfc J; 5 id, ^<D±lz.Bmvf-mmffiMM%WMj)m 
±#LfcB#m^t^/>U ^-1M 0 2 0«tL5m»^DL, Hfclffi. 

< , 1012 (mi &m) fabwtmztitz.m^frx^'—y- 1 o 

^^lh#t££#1~5iiSi&£T$l 2 2 (Discount LT. 
LTfctT i , Cr, Ta^SfetfbttSo 
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>-^WM017 (^;W^10 19§) &tmm{£lfl!l<E>^£ 10 11 

®ilM2 2?:7 3 :^A-M 0 1 7&tf£&l 0 1 1 ^ffi^l^^t 
Ki-^fc i 5 i5J&i«2 2 1 0 2 

g!^T:^7^7^OTfe&^ i^g*i$l2 2&:7:r— X^W- M 017 

^s/^ ioi9f) Rx^mmi o 1 1 (tf^f^se^i 013, mummi 
014m) tmm^m^, mmn^mi-^^mmm^^-u *-^-im 

^-^w-m 0 1 7, isi 0 1 1 tmktz^—v-i o 200m 

1012 i ^^/^ Mon^li 

1 0 1 i(Dm\m^^mmmm^rm^-mM^iro *^-f-i 020 

1 7 (pt^/W^s/^ 10 191) ^S«l 0 1 1 (tT^fRjgaai 0 13, ^ 

r*Mu oi4i) t&&L,itm&. mmn^m<Dmmfa<DfMmm$;i&<v 
t*bim$Li^ nmm%2 2<Dm&ftmmm(Dm^hi?faxL^y^m&& 

5 0 ^rt, ifi o 2 o&7^—*zfu— M o i 7^Sii oni 
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1011 (Dm\^^ntcmi^M^^xm^mM^'r Q x^—v 1020 
7&B<D^mmm^-i 0 1 2^bikm^fifcm^mLx^ x^—v-i 0 2 0 & 

% 0 7s-7/WM0 1 7&U»U 0 1 1 t^^-r§ffi«J®^2 4frU 

mk<D^mmmmz>^ t\^^, x^—v* 1 0 2 o^com(i57 v *{-/3ffM©# 

imm^2 5ix mmm2 2Kit^+^m^mm^^^Un^m^rr 
^•£X<, Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, Pdi©# 
feS^iiM, ^Pd, Ag, Au, R11O2, Ag-PbO«M^ 

^»«-T-Dyl~DyN £i§ DT#^^-? 1 0 1 2i^l±»t^t, ^ 

Pi»H^i o i 2 7)^^^tn$^5 o ^titmmz.* ioi9i: 
i«iffi^Hv£iICT$cE" [V] &V>Lg5: [kV] ^JESrF^WLT, 
ffi^twt-g^:^— ^y°u— M o l 7^f^i^o^L, y^—xy°u— Mo 
1 7<Z)f*J®f;i®^£^£ 0 r^j;!9^^f 1 0 1 8©#fe(7)^f*:»|B$n 

ji^ 012^ vxmft&mmmmmttm^±w&, ^mmm 

^101 2— (7)^PHJ±«l 2-16 [V] fl^, 7*^/W<s^ 10 19 t^B 
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0 1 2 b<Dm$dfeO. 1 [mm] fah8 [mm] 
1019i^||^^10 12^tEtiO. 1 [kV] ^10 [kV] M 

£fc, «Jr[lfl2 5 - 1 0 2 0 ^^^Jf 2 2 

in\<D - i^^&w-rs r £ t\ ^s^±rsra©m^m^*5 
w&xzten. L^^il^^a^-^T^srt^Ev^mLTv^So tot, 
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HI 2 4 ARXM 2 4B \ZtMT(DU, 

ir%tz.i&(D¥mmRvmmmxhz>o hi^k 1 1 o iks^ 1102, 110 
3 nm^-mm, 1104 ^st^m, 1105 mi7t-^ >ir%m\z.£ v 

1 0 in-mmhmi\^mi^xmnbfhtz.m^-mmi 102, 

1103S, 2»mt4^W-f5#^i-j:oT^$tlTV^o N i , C r , 

Au, Mo, W, Pt, Ti, Cu, Pd, Agf^BCft^t^tl, 
^^^M<Z)^, gfefil n 2 O s -S nOa^JiC^-TS^MM^ ^V^V 

102, 1103 %Mj&irz>K\% m&tMQM%%k*(DmmBiffik ?±yyy 

i^Iftl 102, 110 3<z>7&J£E\ r olf ftWi^ ©j^ffl g ^l^fc^ 
\tW\tmvm£y%k-i-iimC0%m-Vh5 o m^WMl 10 2, 1 1 0 3<D 

^mt^li 1 0 4©»tt ^I^^So rr^fc^ 
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@^W§P1 10 5H 1 0 4 

T-^@BK-rsm^fc§ o fc^ ^©S^mtPl l 0 5 0&t^^lr*|g 
^oiEflSi^ia^i-SOfiSISi^^ie), HI 2 4 ARXfm 2 4B &e::}^T^f5ti» 

1 1 0 5&w<z>ia#£$8gL-ti^o ^11 inn mm~7*—^'yy®M 

gp*>s Sfei 101 fcteWfctfyx&JBit^. ^^FW&i 102, 1103 

N i jtJ^^V^fCo i^mffi 1102, 1103 dm 0 0 0 A, WMffl 

m L 2 n m £ Lfc 0 

««|cz>3^m atPdt)L<«PdO Srfflv \ »^fl<7>J¥ $ nm l 

0 0 A, ifigWfi 1 0 0 u m £ Lfe 0 

0 2 5A^^EI2 5E *®^M^mmT-Oi^itXS§rmPJ!i-6fefe(Z)I|ff 
®H1T\ #^^fSttHi 2 4 A&OT] 2 4Bt |if|— -C&5 0 

(1) l£-f\ 02 5Ai^-f«t »U 1 0 li:^iiT-m®l 10 2, 1 

1 0 3 »t5 0 rtLb^r^i-SizifefcoT^ W»l 1 0 1 2rSfe£ik 
fjfek, ^^l^fflV^T+^^gfe^, m^m^l 1 0 2, 1 1 0 3(Dttm&m 
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^r?-i/y&ffi%m^rs<#—~i/yu -n<Dm^mmi 102, 1 1 0 3 & 

(2) m^, w25B\z*rr£*>\z. mm^mmi 1 o4«m 
mt»iii 1 0 4 «t5i-fefc^ttt, £t\ ^m^i 102, 1103 

(3) #;5^ HI 2 5C \z^lr£?\^ 7^^y^Ilii 1 1 o^b^T-ffi 

mi 1 0 2, 11 0 3ong^]i^mEE^Mu ii7t-5y»^To 

T, #®t»ill 1 0 4^m^cffi£U 1 0 5Sr^i-6o 

^^-^^yifcttu »i^iiT^b^#mt»iii 1 0 4 learns 

1 0 4cD5^m^m^T5^w««^«^^^ (BP^s^&tM 1 
105) rav^^, #jgijc:ig^^«f^fife$^Tv>5 e ^\ m^m^i 
1 0 5ds^$tt5StrtJt«Ei-si:^ mj&zttmm*wmi 102, 110 

(4) m2 5T>\zjskir£?\^ mmtrnmrni 1 1 2^hm^-mmi 1 
02,11 0 3(DmzM'&<DW£%fiVNU mm^mmm^n^r, n&nm 
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02 5D i^-r^i inn ~<Dm&Bnmmm*frbimzfr%im 
1 1 1 6t>mm&fr~c^z>o »ioi^ ^/^/w^m^^ 

^^-fb^a^rfT 9 ^^/^it^S^T / — 1114 

i!bTfflv>6 0 TfemtmwMi 1 1 2^bmj±^M-rsr^, m^iti 1 1 6-e 
^m«r^ i e ^f+aiiuTiim^m^a^^tff^H^^-^ u s&^mc 1 

1 1 2©tJj{1^$llPPT5o 

J: b iat, HI 2 5E lei^^ffi^o^ffi^STOcai^^iSbfeo 

@ 2 6 li, *mimn<Dm^mmzm^frMmfcmmkMmT<D, %t&mm i e 
M^^M^-rm^fc^o &mmfc i e tt^T-m^ i f Ktt^xmi^<A^ 

m^wzmnM i e a^irr-sa^ — ^ r*sffvth*#io^Ti3^mi/ft i e 
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Hff^Iill 9^02 O^i-ii^T-feSo 
HI 2 7 i^Wt, igt^s<*^2 0 1 ^y^7V2 0 1 

^Tiam^Dxi-DxM, iwic<^^^2 o i <Dm®mk®mz*itm 

jfcjg^Dxl-DxM im, -®»^^2 0 1 iaiHt btl/O^/^lt^ 

bp wow^ f y * ^m^m^^mmBmmm^m^. 1 frf 

$ ^^ft ^-ft-^^ cr^-r s fc ^(DMmm^mn £ 0 

% x v ^jj^tL^mm^2 2 o mz-ftNT s cft^ £ 5 tested-* 
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y h ^2041:, mmm^mmm^ 203 ^Ats-rti^mmmm t m 

r r TUfiJfPlH]^ 2 0 3 te s ftU £ V) Atl l^^ff ^-Tsync ^S^l ^T#gp 

{-*tLT7K¥fWlMf^Tscan, ^ff -^Tmry, */7 h ft ^-Tsft m<D&%\ 

2 0 4 ^A^J^HSo rcOV^ M^v 5 ^^ 2 0 4« N Bt^lJi^Sc:^ y TA- 

-tz>t-i&(Dh<Dx\ mmm$&2 o 3 £ 9 a^^s^M! 0:7 Mf Tsft 

204 TVN7 wwt^iiff^iifc i v^c ^ft(Dmm.f-¥ (m^ifr&m^-Nm 
^(DmmT—? i^m) mm ^ i ai~ i dN ttt7 ^^m^ 2051: 

m-57tJ?)0|S1tllIS&-Cfe 19 , ^J«2 0 3 ZymbtiZi&m^Tmry 
o TtMff I dl~ I dN £rfBtrf 5 0 - 0 LT7 -y^M&s 2 0 5 fc|B1t£;Hfc 
^ f3\ M^KS-^- 1 'dl~ I 'dN £ LT^7^g^f|0£§ 2 0 6 ^fh 

& 0 s^^m^m^ 2 0 6(t ^th^mm ^ i ui— 1 -dN s^ct-^i 
*m (u±t) t\ m&y*—? (i'di-i'dN) \z.j&zxs<si'xm%$mi'fem& 

ft I "dl~ I "dN £ LTffi7rr&o 

t3 0/i#,H£S|[MLtO. 1 2 //#^^. 7>o^coMift^7. 5 [V] 
(DW±s<si-^&mtlir& 0 r<z>ffi^jf I "dl~ I "dN J»tj^^/V2 0 1 (Dp\ 
@fili$S^Dyl~ DyN {^AP$tbS 0 

*fc^/^/V2 0 l^lJIgfHvtli, AflitffiJEE}® 2 0 9^b, Mx.t£5 
KVCDSMJEV a ;ft,5 0 
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®j±^L-<ttO [V] (^y^KW) <75V^^^7 £il*XU 
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